
Ceiling Fires Studied to Simulate Low-
Gravity Fires
A unique new way to study low-gravity flames in normal gravity has been developed. To 
study flame structure and extinction characteristics in low-stretch environments, a normal 
gravity low-stretch diffusion flame was generated using a cylindrical PMMA sample of 
varying large radii, as shown in the photograph. These experiments have demonstrated 
that low-gravity flame characteristics can be generated in normal gravity through the 
proper use of scaling. On the basis of this work, it is feasible to apply this concept toward 
the development of an Earth-bound method of evaluating material flammability in various 
gravitational environments from normal gravity to microgravity, including the effects of 
partial gravity low-stretch rates such as those found on the Moon (1/6g) or Mars (1/3g).

During these experiments, the surface regression rates for PMMA were measured for the 
first time over the full range of flammability in air, from blowoff at high stretch, to 
quenching at low stretch, as plotted in the graph. The solid line drawn through the central 
portion of the data (3<a<100 sec-1) has a slope of unity, which indicates regression is 
proportional to stretch. The figure coordinates assume that the values of stretch are 
equivalent, whether derived from forced stretch or from buoyant stretch. The excellent 
correlation of the regression-rate data over the two-order-of-magnitude variation of 
stretch shows the reasonableness of this assumption.

Burning of large-radius cylinder of polymethylmethacrylate (PMMA) under low stretch.

At very low stretch, which is equivalent to reduced gravity, uniform flame burning was not 
achieved, starting at 3 sec-1, where departure from the linear correlation occurs. Unstable 
flamelets are observed in this region. Similarly, the overall low stretch extinction limit is 
marked simply as a quench limit, which means that no type of flame was visible at these 
low stretch rates.



Regression rate data versus stretch rate over the range of flammability for PMMA in air.

References
Tien, J.S., et al.: Combustion and Extinction in the Stagnation-Point Boundary 1.
Layer of a Condensed Fuel. Combustion and Flame, vol. 33, 1978, pp. 55-68. 

Ohtani, H.; Akita, K.; and Hirano, T.: An Analysis of Bottom Stagnation Region 2.
Combustion of Polymeric Material Pieces Under Natural Convection. Combustion 
and Flame, vol. 53, 1983, pp. 33-40. 

Glenn contact: Dr. Sandra L. Olson, 216-433-2859, Sandra.L.Olson@grc.nasa.gov
Author: Dr. Sandra L. Olson
Headquarters program office: OBPR
Programs/Projects: Microgravity Science


